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(54) HIGHLY CORROSION RESISTANT LOW THERMAL EXPANSION ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a Cr-containing highly corrosion resistant low 
thermal expansion alloy having a sufficiently low linear expansion coefficient, excellent in cost 
effectiveness and suitable as the material for structural purpose. 
SOLUTION: This highly corrosion resistant low thermal expansion alloy has a composition 
containing <0.5% C, <0.6% Si, <1.5% Mn, <0.02% P, <0.01% S, 2 to 25% Cr, 10 to 50% Ni 
and 0.04% N, and the balance substantially Fe and satisfies the inequality of -10< 
(Cr+8Fe+10Ni-870)/(2+3.3C+7.2 N)<5 and the inequality of (2.7Cr+2.2Ni-70)/(2+3.3C+7.2N)< 
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[Claim(s)] 

[Claim 1] By mass %, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or less, 
Cr:2-25%, nickel: 10-50%, and N:0.04% or less are included C:0.5% or less, and the remainder is (1) 
type of the following consisting [ and ] of Fe substantially, and (2). High anticorrosion low-fever 
expansion alloy with which are satisfied of a formula. 

- 10<= (Cr+8Fe+10nickel-870) / A<=5 ... (1) (2.7Cr+2.2nickel-70) / A<=13 (2), however A are 

following (9). It considers as the value calculated by the formula. 

A=2+3.3C+7.2N (9) Here, it is (1). A formula and (2) A formula and (9) The symbol of element 

in a formula means the content (mass %) of each element contained in an alloy. 
[Claim 2] By mass %, C:0.5% or less, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, 
S:0.01% or less, Cr:2-25%, nickel: 10-50%, N:0.04% or less is included. Further Mo:0.1-2%, Nb:0.05- 
4%, Ti: One sort chosen from from while of 0.05-4% and Zr:0.05-4%, or two sorts or more are included, 
and the remainder is (3) of the following consisting [ and ] of Fe substantially. A formula and (4) High 
anticorrosion low-fever expansion alloy with which are satisfied of a formula. 

- 10<= (Cr+8Fe+10nickel-870) / B<=5 ... (3) (2.7Cr+2.2nickel-70) /B<=13 (4) However, B is taken 

as the value calculated by the following (10) types. 

B=2+3.3C+7.2-N+0.08(Mo+Nb+Zr)+0.15Ti ... (10) Here, it is (3). A formula and (4) The symbol of 
element in a formula and (10) types means the content (mass %) of each element contained in an alloy. 
[Claim 3] By mass %, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or less, 
Cr:2-25%, nickel: 10-50%, Co:0.8-30%, and N:0.04% or less are included C:0.5% or less, and the 
remainder is (5) of the following consisting [ and ] of Fe substantially. A formula and (6) High 
anticorrosion low-fever expansion alloy with which are satisfied of a formula. 

- 10<= (Cr+8Fe+10nickel+9Co-870) / A<=5 ... (5) (2.7Cr+2.2 nickel-Co -70) /A<=13 (6) 

Correcting, A is following (9). It considers as the value calculated by the formula. 

A=2+3.3C+7.2N (9) Here, it is (5). A formula and (6) A formula and (9) The symbol of element 

in a formula means the content (mass %) of each element contained in an alloy. 
[Claim 4] By mass %, C:0.5% or less, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, 
S:0.01% or less, Cr:2-25%, nickel: 10-50%, Co:0.8-30% and N:0.04% or less are included. Further 
Mo:0.1-2%, Nb: One sort chosen from from while of 0.05-4%, Ti:0.05-4%, and Zr:0.05-4%, or two 
sorts or more are included, and the remainder is (7) of the following consisting [ and ] of Fe 
substantially. A formula and (8) High anticorrosion low-fever expansion alloy with which are satisfied 
of a formula. 

- 10<= (Cr+8Fe+10nickel+9Co-870) / B<=5 ... (7) (2.7Cr+2.2 nickel-Co -70) /B<=13 (8) However, 

B is taken as the value calculated by the following (10) types. 

B=2+3.3C+7.2-N+0.08(Mo+Nb+Zr)+0.15Ti ... (10) Here, it is (7). A formula and (8) The symbol of 
element in a formula and (10) types means the content (mass %) of each element contained in an alloy. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for the structures for very low temperature, such as a 
LNG storage tank and its piping, and relates to a suitable high anticorrosion low-fever expansion alloy. 
[0002] 

[Description of the Prior Art] It is widely known as an invar effect that what has a specific component 
ratio in a Fe-nickel system alloy etc. has a very small coefficient of linear expansion. As the typical 
thing, 36%nickel-64% Fe and 42%nickel-58% Fe (% is the same "mass %" and the following) are 
mentioned. These are used for the part to which telescopic motion by temperature changes, such as 
membrane material of a shadow mask, the mold for manufacture of the member for aircrafts, and an 
LNG carrier, poses a problem taking advantage of the low-fever expansion coefficient. 
[0003] Since the above-mentioned Fe-nickel system low-fever expansion alloy is not what was 
originally developed as a structural material, it carries out rusting also of could not necessarily say that it 
excelled in corrosion resistance, for example, also having been exposed out in the fields. 
[0004] It is known well that it is effective in an improvement of weatherability to add Cr as an alloy 
element (for example, JP,55-97453,A, a 58-1 1768 official report, JP,64-8696,B, and JP,3-49979,B). 
[0005] However, a lot of Cr addition makes difficult reservation of a low coefficient of linear expansion. 
This is clear from the example shown in JP,64-8696,B. That is, in the example of this official report, 
0.12% or less of alloy and 5.0 - 6.0% of alloy are shown for Cr content, and it is clear to it from a latter 
alloy being 7.5xlO-6/degree-C - 7.8x1 0-6/degree C to the mean coefficient of linear expansion in room 
temperature (20 degrees C) -300 degree C of a former alloy being 4.3x1 0-6/degree-C - 5.0x1 0-6/degree 
C. And the value of this 7.5xlO-6/degree-C - 7.8x1 0-6/degree C is JIS. Compared with the value (about 
10x10- 6/degree C) of general-purpose steel, such as SS400 specified to G3101, it cannot be said that it 
is small. 

[0006] Moreover, corporation Edited by Japan Institute of Metals The Fe-Co alloy which contains Cr by 
which the mean coefficient of linear expansion in 100 degrees C - 200 degrees C is called **0.1xl0- 
6/degree C and small stainless steel Invar 9.5% is shown in 233 pages of "the 3rd edition metal data 
book of revision" of Maruzen Co., Ltd. 1995 issue. However, since this alloy contains expensive Co no 
less than 54%, excelling in economical efficiency is not suitable as a structural material demanded, and 
it remains in the use as functional material. 

[0007] Moreover, the Fe-nickel (- Co) alloy called the elinvar containing about 5 - 12% of Cr is shown 
in 234 pages of the above-mentioned metal data book. However, each coefficient of linear expansion of 
these alloys is about 70% of the above-mentioned general-purpose steel, and cannot say that it is low 
enough. 

[0008] Thus, in the Fe-nickel alloy containing 2% or more of Cr, it can be said that it is difficult to 
reconcile corrosion resistance reservation and reservation of a low coefficient of linear expansion. 
[0009] 

[Problem(s) to be Solved by the Invention] Although the purpose of this invention has good corrosion 
resistance including 2% or more of Cr, it is to use as a structural material excellent in the economical 
efficiency in which coefficient of linear expansion is low enough, and offer a suitable high anticorrosion 
low-fever expansion alloy. 
[0010] 

[Means for Solving the Problem] The summary of this invention is in the high anticorrosion low-fever 
expansion alloy of the following (b) - (d). 

(b) By mass %, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or less, Cr:2-25%, 
nickel: 10-50%, and N:0.04% or less are included C:0.5% or less, and the remainder is (1) of the 
following consisting [ and ] of Fe substantially. A formula and (2) High anticorrosion low-fever 
expansion alloy with which are satisfied of a formula. 
[0011] 
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- 10<= (Cr+8Fe+10nickel-870) / A<=5 ... (1) (2.7Cr+2.2nickel-70) / A<=13 (2), however A are 

following (9). It considers as the value calculated by the formula. 
[0012] 

A=2+3.3C+7.2N (9) Here, it is (1). A formula and (2) A formula and (9) The symbol of element 

in a formula means the content (mass %) of each element contained in an alloy. 

By mass %, (b) C:0.5% or less, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or 
less, Cr:2-25%, nickel: 10-50%, N:0.04% or less is included. Further Mo:0.1-2%, Nb:0.05-4%, Ti: One 
sort chosen from from while of 0.05-4% and Zr:0.05-4%, or two sorts or more are included, and the 
remainder is (3) of the following consisting [ and ] of Fe substantially. A formula and (4) High 
anticorrosion low-fever expansion alloy with which are satisfied of a formula. 
[0013] 

- 10<= (Cr+8Fe+10nickel-870) / B<=5 ... (3) (2.7Cr+2.2nickel-70) / B<=13 (4), however B are 

taken as the value calculated by the following (10) types. 
[0014] 

B=2+3.3C+7.2-N+0.08(Mo+Nb+Zr)+0.15Ti ... (10) Here, it is (3). A formula and (4) The symbol of 
element in a formula and (10) types means the content (mass %) of each element contained in an alloy, 
(c) By mass %, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or less, Cr:2-25%, 
nickel: 10-50%, Co:0.8-30%, and N:0.04% or less are included C:0.5% or less, and the remainder is (5) 
of the following consisting [ and ] of Fe substantially. A formula and (6) High anticorrosion low-fever 
expansion alloy with which are satisfied of a formula. 
[0015] 

- 10<= (Cr+8Fe+10nickel+9Co-870) / A<=5 ... (5) (2.7Cr+2.2 nickel-Co -70) /A<=13 (6), however 

A are following (9). It considers as the value calculated by the formula. 
[0016] 

A=2+3.3C+7.2N (9) Here, it is (5). A formula and (6) A formula and (9) The symbol of element 

in a formula means the content (mass %) of each element contained in an alloy. 

By mass %, (d) C:0.5% or less, less than [ Si:0.6% ], less than [ Mn:1.5% ], P:0.02% or less, S:0.01% or 
less, Cr.2-25%, nickel: 10-50%, Co:0.8-30% and N:0.04% or less are included. Further Mo:0.1-2%, Nb: 
One sort chosen from from while of 0.05-4%, Ti:0.05-4%, and Zr:0.05-4%, or two sorts or more are 
included, and the remainder is (7) of the following consisting [ and ] of Fe substantially. A formula and 
(8) High anticorrosion low-fever expansion alloy with which are satisfied of a formula. 
[0017] 

- 10<= (Cr+8Fe+10nickel+9Co-870) /B<=5 ... (7) (2.7Cr+2.2 nickel-Co -70) /B<=13 (8), however 

B are taken as the value calculated by the following (10) types. 
[0018] 

B=2+3.3C+7.2-N+0.08(Mo+Nb+Zr)+0.15Ti ... (10) Here, it is (7). A formula and (8) The symbol of 
element in a formula and (10) types means the content (mass %) of each element contained in an alloy. 
[0019] Above-mentioned this invention was completed based on the knowledge expressed below. That 
is, in order that artificers may attain the above-mentioned technical problem, as a result of repeating 
experiment examination wholeheartedly, the following things became clear. 
[0020] (a) If Cr is added into a specific Fe-nickel alloy with a small coefficient of linear expansion, 
coefficient of linear expansion will become large. It turned out that the measurement result of coefficient 
of linear expansion can be arranged by thinking that this is for the number of the electrons of an outer 
shell contributed to the metallic bond which constitutes an alloy by addition of Cr to change. Namely, 
the number of the electrons of an outer shell contributed to the metallic bond which constitutes an alloy 
is distributed by a certain probability, with an integer, it does not restrict but, for the reason, the 
concentration of a bonding electron is not necessarily called an electron cloud. 

[0021] The alloy which uses Fe and nickel containing Cr, or Fe, nickel and Co as a principal component 
can express the concentration of this electron as a function of each mass % with it, and (11) types of the 
following [ alloy / Fe-nickel-Cr system ] and a Fe-nickel-Co-Cr system alloy are expressed by the 
following (12) formulas. This (1 1) type and the (12) types itself can be derived from the axis of abscissa 
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of the diagram called the SURETA polling curve which shows the relation between the concentration of 
electrons of an outer shell, and the magnitude of magnetization. Coefficient of linear expansion with the 
value of each of this formula low in the specific range is shown. This can be explained for "change of 
the magnetization by the temperature change" becoming large, and coming to offset "change of 
vibration of the metal atom accompanying a temperature change." 
[0022] 

(6Cr+ 8Fe+10nickel) / 100 Co [ (1 1) and / (6Cr+8Fe+10nickel+9Co) ]/100 ... (12), however as a 

result of repeating an experiment fiuther, it turned out that these are only requirements for coefficient of 
linear expansion to become small. For example, although the value which can be found by (1 1) formulas 
of a 20%Cr-60%nickel-20%Fe alloy is a value near the value which can be found by (1 1) formulas of a 
36%nickel-64%Fe alloy with a small coefficient of linear expansion, the coefficient of linear expansion 
of a 20%Cr-60%nickel-20%Fe alloy does not become small. 

[0023] (b) As a result of carrying out investigation examination to a detail further, about the Fe-nickel- 
Cr system alloy, it turned out further as conditions for more that it is required for the value which can be 
found by the following (13) types and the following (14) formulas [ alloy / Fe-nickel-Co-Cr system ] to 
serve as specific range in order for coefficient of linear expansion to become small there. 
[0024] 

(2.7Cr+2.2nickel)/100 nickel-Co [ (13) and / (2.7Cr+2.2 nickel-Co) ]/100 ... In many cases, the 

temperature from which the magnetic properties called Curie point temperature change rapidly exists in 
(14), i.e., Fe system alloy. In order for the coefficient of linear expansion in low temperature to become 
small, ordinary temperature showed preferably that it was controllable by each type of the above (13) 
and (14) in the range where Curie point temperature is also desirable, when the Curie point was too high. 

[0025] (c) Furthermore, the Invar alloy which is functional material did not have to make coefficient of 
linear expansion lower, and reduction of coefficient of linear expansion pinpointed the range of the 
above-mentioned (11) formula, (13) types, and (12) types and (14) types from a viewpoint that it 
minimizes as a corrosion-resistant structural material which was excellent in economical efficiency 
rather. 

[0026] If coefficient of linear expansion exists in the range in which distortion by linear expansion does 
not specifically exceed breakdown distortion by temperature-gradient **T (degree C) assumed linear 
expansion - depending — a load — absorbing ~ a sake — an expansion joint - U — a character ~ a loop 
of pipe - being unnecessary - ** - becoming - things - from - coefficient of linear expansion — 
alpha ~ a breakdown -- distortion (value which **(ed) yield stress sigmays (MPa) with modulus of 
direct elasticity E (MPa)) - the following - (-- 15 --) - a formula - filling - things - the requirements 
as a structural material — becoming . 

[0027] alphax** T<sigma ys/E ... (15) The difference of the -200 degrees C and the ordinary 
temperature near the boiling point of liquid nitrogen as a low temperature service which can be used 
actually was considered, and temperature-gradient **T was assumed to be 250 degrees C, and modulus 
of direct elasticity E used 2x105 MPa which is an actual measurement in these component system alloy. 
Moreover, yield stress sigmays is the function of a component and searched for the concrete form by 
experiment. As a result, it is the above (9). Both the formulas of (10) serve as a term which shows a 
component dependency. 

[0028] (1 1) The range which should fill a formula, (13) types, and (12) types and (14) types Since (15) 
types are also the function of a component, if it is prescribed by the above-mentioned (15) types, and the 
above-mentioned (1) type, (2) types and (3) types, (4) types and (5) types, (6) types and (7) types, and 
(8) types are satisfied according to the chemical composition of an alloy, respectively It turned out that 
the low-fever expansion alloy which has corrosion resistance, economical efficiency, and coefficient of 
linear expansion sufficient as a structural material is obtained. 
[0029] 

[Embodiment of the Invention] Hereafter, the high anticorrosion low-fever expansion alloy of this 
invention is explained to a detail about the reason defined as mentioned above. In addition, "mass %" is 
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meant"%" below. 

[0030] C:0.5%or less C is an element which the austenite phase which is a matrix is made stability, and 
also raises yield stress sigmays by solid solution strengthening, and is above (9). Above (1) as one of the 
elements which constitute a formula and (10) types Formula - (8) It has desirable effect (the tolerance of 
the content of Cr, nickel, and Co is expanded) also on a formula. However, if the content exceeds 0.5%, 
generation of Cr carbide will be caused and it will become easy to generate intergranular corrosion. For 
this reason, C content is made into 0.5% or less. A desirable upper limit is 0.4% and a more desirable 
upper limit is 0.3%. 

[0031] In addition, C content is above (9), when it lessens not much with impurity extent, although it is 
good at least. As shown in a formula and (10) types (1) Formula - (8) The range of a formula needs to 
become narrow and it is necessary to make [ more ] an alloy element besides the part, and it will be 
necessary to make [ many ] the expensive addition of Co, and, in the case of the Fe-nickel-Co-Cr system 
alloy containing Co mentioned later especially, the economical efficiency as a structural material will be 
spoiled. For this reason, as for C content of a Fe-nickel-Co-Cr system alloy, considering as 0.05% or 
more is more preferably desirable 0.01% or more. 

[0032] Si: Although Si is added as a deoxidizer 0.6% or less, if the content exceeds 0.6%, generation of 
a low-melt point point eutectic object will be caused, and it will become easy to generate a crack at the 
time of alloy manufacture. For this reason, Si content is made into 0.6% or less. A desirable upper limit 
is 0.4% and a more desirable upper limit is 0.3%. 

[0033] Mn: Like the above-mentioned Si, although added as a deoxidizer, 1.5%or less Mn will cause 
toughness and a corrosion resistance fall, if the content exceeds 1.5%. For this reason, Mn content is 
made into 1.5% or less. A desirable upper limit is 0.6%, a more desirable upper limit is 0.3%, and 
toughness improves in this case. 

[0034] P:0.02%or less P is an impurity, and superfluous P may be 0.02% or less in order to raise the hot- 
tearing susceptibility at the time of manufacture. In addition, since reduction of the degree of pole causes 
the rise of a manufacturing cost, though decreased, it is good [ as there are few P contents, it is better, 
but ] to stop to about 0.001% of reduction. 

[0035] S:0.01%or less S is an impurity, and like the above-mentioned P, superfluous S may be 0.01% or 
less in order to raise the hot-tearing susceptibility at the time of manufacture. In addition, since reduction 
of the degree of pole causes the rise of a manufacturing cost, though decreased, it is good [ as there are 
few S contents, it is better, but ] to stop to about 0.0005% of reduction. 

[0036] Cr: 2-25%Cr is an indispensable element in order to secure corrosion resistance, and also at the 
lowest, it is required 2% or more. In addition, Cr content is adjusted according to an operating 
environment, and when used with severe corrosive environment, naturally it is made [ many ]. However, 
superfluous Cr enlarges coefficient of linear expansion remarkable. In the case of the Fe-nickel-Co-Cr 
system alloy containing Co mentioned especially later, in order to avoid degradation of the linear- 
expansion property by Cr, it is obliged to expensive abundant addition of Co, and the economical 
efficiency as a structural material is spoiled. For this reason, Cr content is made into 2 - 25%. The good 
better range is 2 - 20%, and the more desirable range is 2 - 15%. 

[0037] nickel: 10 - 50%nickel is an element required in order to consider as a perfect austenite texture, 
and, also at the lowest, is required 10% or more. However, superfluous nickel enlarges coefficient of 
linear expansion, and spoils the purpose of this invention. For this reason, nickel content was made into 
10 - 50%. The desirable range is 20 - 50%, and the more desirable range is 25 - 45%. 
[0038] N:0.04%or less N is an element which the austenite phase which is a matrix is made stability, 
and also raises yield stress sigmays by solid solution strengthening, and is above (9). It is (1) as one of 
the elements which constitute (10) types. Formula - (8) It has desirable effect (the tolerance of the 
content of Cr, nickel, and Co is expanded) also on a formula. However, if the content exceeds 0.04%, 
generation of Cr nitride will be caused and it will become easy to generate intergranular corrosion. For 
this reason, N content is made into 0.04% or less. A desirable upper limit is 0.02% and a more desirable 
upper limit is 0.01%. 

[0039] It is not necessary to add Co:Co. If it adds, like the above-mentioned nickel, an organization is 
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made into a perfect austenite texture, and also there is an operation which makes coefficient of linear 
expansion low. For this reason, it can add to make as lowas possible coefficient of linear expansion 
which becomes high by the time of carrying out abundant addition of the above Cr for such 
effectiveness and corrosion-resistant improvement especially, and that effectiveness becomes 
remarkable at 0.8% or more. However, Co is an expensive element and superfluous addition spoils the 
economical efficiency as a structural material. Therefore, Co content in the case of adding is good to 
consider as 0.8 - 30%. The desirable range is 0.8 - 25%, and the more desirable range is 0.8 - 15%. 
[0040] Mo, Nb, Ti, Zr: It is not necessary to add these elements. It is (3) as one of the elements with 
which any element raises yield stress sigmays by solid solution strengthening, and constitutes the above- 
mentioned (10) types if it adds. A formula and (4) A formula and (7) A formula and (8) It has desirable 
effect (the tolerance of the content of Cr, nickel, and Co is expanded) on a formula. For this reason, 
independent any one sort or two sorts or more can be added by compound and that effectiveness all x 
becomes remarkable at 0.05% or more by Nb, Ti, and Zr 0.1% or more by Mo to acquire that \ 
effectiveness. However, each of superfluous Mo exceeding 2%, and Nb(s), superfluous Ti and 
superfluous Zr which are exceeded 4% cause increase of coefficient of linear expansion. Therefore, the 
content of these elements in the case of adding is [ Zr / Nb, Ti, and ] good about Mo to make each into 
0.05 - 4% 0.1 to 2%. In addition, about Mo, it is effective in raising corrosion resistance. 
[0041] The alloy of this invention responds to the chemical composition of an alloy, and is above (1), 
respectively. A formula and (2) A formula and (3) A formula and (4) A formula and (5) A formula and 
(6) A formula and (7) A formula and (8) It is as having mentioned above that it needs to be satisfied 
with coincidence of a formula. That is, it responds to the chemical composition of an alloy and is above 
(1), respectively. A formula and (2) A formula and (3) A formula and (4) A formula and (5) A formula 
and (6) A formula and (7) A formula and (8) When not filling to coincidence, the low expansion 
property of a request required as a structural material cannot be secured. This is clear also from the 
result of the example mentioned later. 

[0042] Although the remainder of the high anticorrosion low- fever expansion alloy of this invention 
explained above is Fe substantially, as long as elements, such as Cu, aluminum, Mg, and calcium, are to 
0.5% in total as an impurity, it may be contained in addition to the element mentioned above. 
[0043] Moreover, the special constraint more than this kind of general-purpose alloy is [ that what is 
necessary is for that alloy to follow a conventional method, to ingot and cast it, and just to fabricate for a 
predetermined product using approaches, such as hot rolling, ] absolutely none on that manufacture 
condition. 
[0044] 

[Example] 20 kinds of alloys which have the chemical composition shown in Table 1 were ingoted, hot 
working of the obtained cast piece was carried out, and it considered as the plate with a thickness of 
10mm, and extracted at a time two test pieces for tensile test 1 of a geometry shown in drawing 1 from 
each plate. 

[0045] After one of two test pieces for tensile test extracted from each plate was immersed for 30 
minutes into liquid nitrogen (temperature: -196 degrees C) as it is, the tension test in a room temperature 
was presented with it, and it investigated the amount of elongation (trial 1). 

[0046] Other one carried out welding immobilization, as a preheating was carried out to 54 degrees C 
and it was shown in drawing with the frame material 2 in the center section of opening 2a of the steel 
frame material 2 of a geometry shown in drawing 2 . that time ~ the gas of the product [ outside / of a 
test piece 1 ] made from stainless steel — the stainless steel pipe 5 with the outer diameter of 38mm 
which was made to carry out the hermetic seal of the both ends by the lid material 4 of two assembled 
dies with a thickness of 5mm to which the conduit 3 was connected, a thickness [ of 3mm ], and a die 
length of 190mm has been arranged, subsequently - although illustration is omitted, while twisting a 
ribbon heater around the frame material 2 and keeping the temperature at 54 degrees C ~ gas — liquid 
nitrogen was circulated in tubing of a stainless steel pipe 5 using the conduit 3, after cooling one at -196 
degrees C of test pieces and holding for 30 minutes to them, the piece 1 of frame material 2 blank tests 
was taken out, the tension test in a room temperature was presented, and the amount of elongation was 
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investigated (trial 2). 

[0047] And the amount Ell of elongation in trial 1 The amount E12 of elongation in the receiving trial 2 
The ratio (E12 /Ell) was investigated, the thermal-expansion property evaluated 95% or more of thing, 
the thermal-expansion property evaluated fitness "O" and less than 95% of thing as non-** "x", and the 
ratio (E12 /Ell) showed the result in Table 1 collectively. 

[0048] Here, trial 2 is the amount E12 of elongation after a tension test about the existence of the plastic 
deformation by the heat distortion at the time of being cooled even from 54 degrees C to -196 degrees C 
in the condition of having been restrained by the frame material 2. It is the amount Ell of elongation 
when it is the trial to evaluate, plastic deformation had arisen at the time of restricted cooling and the 
amount E12 of elongation is based on trial 1. It compares and becomes small. 
[0049] The amount E12 of elongation according to trial 2 on the other hand The amount Ell of 
elongation at the time of being based on trial 1 If equal, plastic deformation will not have arisen at the 
time of restricted cooling of trial 2, and it can be said that the coefficient of linear expansion is so small 
enough that the relation of yield strength satisfies the above-mentioned (15) types. 
[0050] Therefore, in case it is used as a structural material, the cure against distortion absorption by 
temperature becomes unnecessary, and it can check whether the effectiveness made into the purpose of 
this invention is acquired according to the difference in the effect which the existence of the constraint at 
the time of cooling has on the elongation value of an ingredient. 

[0051] even if the alloy of No. 1-1 5 which satisfy the requirements specify by this invention so that 
clearly from the result show in Table 1 restrain both ends completely and receive the cooling cycle of a 
250-degree C temperature gradient, a thermal expansion property have each small [ as 95% or more ] 
good fall of the elongation value by plastic deformation, and it turn out that it can use as a structural 
material, without need the structure which absorb distortion by temperature gradient like a U character 
loop formation or an expansion joint. 

[0052] On the other hand, the alloy of No. 16-20 which does not satisfy the requirements specified by 
this invention Since rationalization of nickel accompanying addition of Cr and the amount of Co(es) and 
the adjustment on the strength by C, N, Mo, Nb, Zr, and Ti are inadequate, When both ends are 
restrained completely and the cooling cycle of a 250-degree C temperature gradient is received, the 
plastic deformation more than breakdown distortion arises, and each elongation value falls to less than 
95%. A thermal-expansion property by non-** It turns out that the structure which absorbs distortion by 
temperature gradient like a U character loop formation or an expansion joint is needed like a common 
ingredient, and it cannot use as a structural material. 

[0053] When it explains concretely, the alloy of No. 16 is (2) specified by this invention. It is a formula 
and (5) which reach No. 17 and specify the alloy of 20 by this invention. It is (1) although a formula is 
filled. A formula or (6) A formula was not filled, and since adjustment of nickel accompanying Cr 
addition and the amount of Co(es) was inadequate, coefficient of linear expansion did not become small 
enough. Moreover, No.(l) which specifies alloy of 18 by this invention type is (2) although filled. It is 
(5) which does not fill a formula but specifies the alloy of No. 19 by this invention. A formula is (6) 
although filled. A formula was not filled, and since adjustment of nickel accompanying Cr addition and 
the amount of Co(es) was inadequate, coefficient of linear expansion did not become small enough. 
[0054] 
[Table 1] 
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ai)'*1 : (Cr + 8Fe+10Ni+9Co-870) / (2+3. 3C+7. 2N+0.08 (Mo+Nb+Zr) +0.15TU . 
«2 : (2.7Cr+2.2NI-Co-70) / 12+3. 3C+7. 2N+0. 08 (Hlo+Nb+2r> +0.1511) . 

£2) * mtt*am*tiat+imm**tixuszk*ntt* 



[Effect of the Invention] The alloy of this invention combines sufficient corrosion resistance and a low- 
fever expansion property, and since it is moreover cheap, it is suitable as a structural material. 



[Translation done.] 
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[JH&#®] *tt9JaMf*ffiRM^*a, c : 0.5% 

OT, Si : 0.6%OT. Mn : 1.5%WT, P : 0.02X0 
Ts S : 0.01%OT. Cr : 2-25%, Ni : 10~50%, N : 
0.04%, M% : SMWfcFeT, * r -10^(Cr+8Fe+10 
Ni-870)/(2+3.3C+7.2N)g5j t r (2.7Cr+2.2Ni 
-70)/(2+3.3C+7.2N)^13j *mfcf. 
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immi «»%T, C : 0. 5X&.T. S i : 0. 
6%JTF, Mn : 1. 5%1TF, P : 0. 0 2%OT, 
S : 0. 0 1%WT. Cr : 2-2 5%, N i : 1 0- 

50%, n : o. 0 4%ot£#*, mmmmizF 

e;K>&9, **oTE<0(l)*k(2) **}»fl-r*J(B 

-10g(Cr+8Fe+10Ni-870)/A^5 • • • (1) 
(2.7Cr+2.2Ni-70)/A=S13 (2) 

A=2+3.3C+7.2N (9) A. 

dw-C\ (1) 5t (2) S*JJ:V(9) iWWjtSJ^Il * 

-10=S(Cr+8Fe+10Ni-870)/BS5 ■ • ■ (3) 

(2.7Cr+2.2Ni-70)/BS13 (4) 

fcfc'U BliTE»(10)SlcJ: O^tf^ix&fifc-rs. 
B=2+3.3C+7.2N+0.08(Mo+Nb+Zr)+0.15Ti • • • 



(2) Wffl2 0 0 2-1 05 5 99 

2 

*-&A+t***i4#jc3^)*** («4%) SrSW-T 
£. 

[ff*J!2] «*%?, C : 0. 5%OT, Si : 0. 
6%WT. Mn : 1. 5%«T, P : 0. 0 2%OT. 
S : 0. 0 1%OT, Cr : 2-2 5%, N i : 1 0- 
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%fcJ:tfZr:0. 0 5~4%£05%*^^{fitJtlS 
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iiT. (5) sS, (6) S*$J:tf(9) ^+^7tSia-f{i, 
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[00 13] 

-10^(Cr+8Fe+10Ni-870)/BS5 • • • (3) 
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ttT'J>£2X10 6 MPaSrJHUfc. KSttJC^J^ 

y s \i.m<mw.x'h o , iwc J: *) tcommm 
te*kbT, ±ib(9) . {v»<nm&tfmjffi& 

[00 28] (lDSk (13)5S. *iJ:tf<12)5J.fc<14)5&D 
SSfc-f^SKHtt, JJE^dSJiCCi'JfflSSn., (15) 

fiia, ±K<0(l)*fc(2>*, (3)*fc(4)«, 
(5)*fc<6)3*. <7>*fc(»*MWaS*Wjr. «*tt. 

[0029] 

&Z±M(D& o lzfeibKmMz^xmMl l zmit& . 

[0 03 0] C : 0. 5%OT 

*ft» fflmfclzX 0 HMWB* <?ys Sr art !»7cfra 

±IE<7)(9) iCt(10)^.S:«jS-tS7c5gW-okL 
t, JJE<0(1) ^~(8) *tCfcff*L^Wi (C r s N 

i. CoO«T*«)llP«BHtJfcfct&) Sr-^-tl). L 
*»L, *c7)-irtr*#0 . 5Xt)Bi*i:. CrMfc) 

C^«(±0. 5%OTk-f?». #^Lv^±IS(i0. 4 

J;0»^Lv^±|51{iO. 3%T'J>S, 
[0031 ]^, C^tJUflWNnft&^Ti 
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(5) 

7 

i-Co-Cr^^C^-WfitiO. 0 1%Ulb, X 
9ff*L<ttO. 0 5%Ohi:-rSW* { MSH<\ 
[0 0 3 2] Si : 0. 6%&T 
S Hi, fti&Nfc LTSsflnSixStf, *<0£W*#0. 

b%*mtht. ismm^^^m^x^wm 
mtmtitfmL t^t < &s . d , s i £#mi± w 

0. 6%OTfc**. ff*U\±JWiO. 4%. J: Off 
*Lv\kW40. 3%X'2>&. 
[0 0 3 3] Mn : 1. 5%£TF 

Mnii, ±ie^s i tmtz. mmt ixmatiz 

*\ tn&iM&i. 5%*mthb. WttfcJlflHA 
tt<0ffiT**B<. £<0fcK>, Mn^lrilil. 5%OT 
tt*. ffiUvkBHio. 6%. J:D*F*U\fclWi 
0. 3%T\ i<0*^fc{4Htt**|6l±-r4. 
[0 0 34] P : 0. 0 2%OT 

p oswbtc* o , m\% p (iSjt^iaras'jnsstt 20 
*Sf»*fc«>o. 0 2mFfc-t*. fcfc, p-^**ii 

^fcttfttf^&Wit'JvW, ^^K^teSBSsxh 
tf>JJteffl< tfTC. fijSW-ft t LT 1 0 . 0 0 1 %g£ 

[0035] S:0. 01 %£TF 

s tt?WBrrft 0 , m\% s tt , ±m<r> p t P»K , H 

m«S»BIMfUB^S^4fc*0. 0 1%JilTt-f 

XhO. 00 05X^<Z>ft*fcS*>£<0j&*J:i\ 30 
[0036] Cr : 2-25% 

e-Ni-Co-Cr|^^ CrCiSIIW 

£<0£#>, Cr£«te2-2 5%t-f&. fftLIEffl 40 
(±2-2 0%, J:9ff*U*5Htt2~15%"C*S. 
[0037] Ni : 1 0-50% 

n i «±, ^t-xr-^-f hm.mt-thfzMztm^jt 
mx-&*). mxt>io%&±£mx'$>&. l*»u a 
fj&N i imwmmz±z < u ^m^mmmc 

o , Zffitzib. N i #£ftti 1 0-5 0 %t U:. #t 
U^fflli2 0-5 0%, J:9#4L^«HJ42 5~4 
5%T&&. 

[00 38] N : 0. 0 4%fcTF 

Ntt, -7hV v 7 XX'$>&*-Xt"M hffl*3e£Cf 50 



#^20 02-105 59 9 
8 

sra, mm^mzx *) mx&j] ays ^m^humx-h 

9, JhfB<0(9) , (10)S£ffij£-r-2>7cS<0-ot LT 
(1) SM8) 5$fcfcff*U4W (Cr. Ni, Coco 
£*-*£>ftg&H£fifc'ctl>> L*»U -£<0 

^XWm-kWm.L^KKh. ZCDtzib. N-^Wfi 
{±0. 04%OTtt4. ff£U\HWi0. 02%, 
J: Off 2 U\JJW±0. 0 1%?**. 
[00393 Co : Colt »L&<TkJ:^. » 
-mtf, ±E<ON i tR«fc, *&«*££*-XT-M 

x$&mi&< L& i #te&6totttzktfX'Z* 

MmiO. 8%0±T^z^:h. L*»U Co<±©{f 

=Srd. IteffiX. m\ttZ%&<ocottmiO. 8 
~3 0%t^"l>c 7 )#<J:V^ ff£ U>effl«40. 8-25 
%, J: Off* U>RHti0. 8-15%T'J>l». 
[0040]Mo,Nb,Ti,Zr: dil£>C07cS{± 

mmi%<xt>^\ mtttai. v^-fii^Tcst, B9 

IBaMtK i <0mJ&lJ ays S:®^, ±IBc7)(iO)^^« 
BK-r47C*<7)-oht-C(3) 5^fc (4) ^, t>J:^(7) 5« 
t (8) StCff* UfllCr.Ni.Co O*W*c0 

ffwmakktb) tH-z-h. zntitb. %<mm: 

ftfcv^ttt, ^-«l3&>lli*«Hl4fctt2«eU:* 
*^TiSan-J-*ii:#TS. *0«HMi. MotttO. 
l%tLh, Nb, Ti fcit/ZrTtt, ^fntO. 0 
5%JiLhf^t^S. L*>U 2%S:i@x.&ia*]^M 
o, 4%St-g»3fi*] : 5:Nb, Tifcil^Zrd, 1^ 

<r>z.fLhjm<r>^mt. MoKov^TtiO. 1-2 
%, Nb, Tii}J:tfZrfc:ovvctt, v>-rnt>o. 0 
5~4%k-rs^J:v\ ^rfc, Motco^T«±, 

[0041] *«HHo^Ali. &&<7M\&&mz&t, 

*tl?tl. ±IB<0(1) St (2) S, (3) St (4) S, 

(5) st (6> s, (7) st (8) $;mmzffi&-?&m 
^m&mt. *<ve*u ±ia^(i) st(2) s, o) 

St (4) S, (5) St (6) S, (7) St (8) £|5H$KiS 

fcs*v\*^fctt, ^jsfflw^ft Lx-j&mcmmnm 
mmim%x'%tc^. zmztit. m&t&$mm<n 
&%i)><>>i>wt*frx-i>i. 

[0042] tmzmwuz*%wcomitmm%ii! 
&cm?$te%nmzF ex-b&tiK m&vtzHMm 

C, fl&RtfCu, Al , Mg, C a^c07C^*qr=t«fiftt 

LT^IfCO . 5%txrcs>tut*&tix»xi>x\\ 

[0 04 3] -e<0^fe<±, «ifet«oTj8il. M 
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[0044] 

imm ss i tz7*ttt&m&*irth 2 omm^^ 

£*KU 'ftbtltz&KZ&lSimi.lXmZ 1 OmmO 
tfl£2ffl^o$JRU:. 

coo4 5] mm^mtiK2mc?>3mmffiv>o 
*><oio«i, tottmtmm am-. -i96*c) + 
k3o#hkssl*:&, m&x'<D5\mmiz®ixms 
tzm^K (ma) . 

1 0 0 4 6 ] fluco 1 o(±, m 2 i,z9jk-tmtftfme>Mm<7) 

^x-;kf£«k3£Uc$'hg3 8mnu WW 3 mm, 
9 0mmc7)Xry^Xiil : 5SrEMUc. 

x\ m^temtztK ¥m2<,zv#y\L-?&mtt 
»rc*«auE*5 4x:jc*^36«^, #*#f3*ffl^ 

T^-f^X** 5^rtfcttiM«*«atStfTKIil 

# i * - 1 9 6rfc#aiLT 3 o-ftimftLtzmzmt 
2frt,mixiiW0iiii. mMxe&mmuz&ix 

WM.m«-tz (8M2) . 
[0047] *LT» U»lfc;fcft*#tf*Eli tc*f 
•t4KH2Cj3ttS#^*E 1 2 <0it ( E 1 2 /E 1 
i ) *H*, *?>Jt ( E 1 2 /E 1 1 ) t { 9 5%mjr> 
bnitimmWBM r Oj . 9 5%5feltf>iOS:g!i 
I«gt#tt*^ r xj fcLTWffU lfc 

[0 0 48] ZZX\ tCK2ii. *W2-C«!KS*lfc« 
!BT5 4X:*»^- 1 9 6*Cfca-C#»§;h.fcl£<D&£» 
fcJ:4fflBSefc>«ii£.. giKKBtfeOWME 1 2 t 

Tvvhif. -eo#tf*E l2{i»»lfcJ:^«^<0# 

[004 9] IS»2Cj:S#W f »El2 tfKlftl 

ci^ii^iiWiEii tsfumar, 1*11*201*1 



6) #H20 02-1 05599 

1 0 

■BMUftttWHSIS OHft^ao (15)** mfcthft 

[0050] LtzWix. wsmmt ix&mtm 
oimn^Mtf. ttftvm/mizirz. h mt<r>&&z i 

[00511*1 K*t«**»feBB<9)Wr J: 5 #8 
10 9i?®&*-*Sfrfc»fc?tto. 1-1 5<0£&li, fffi| 
*5fe^t*«PKL-C 2 5 O-CiOfflJSH^ai-9-^ 

±t/h§ < %B3Bfttt«<ii# x\ u&u-y*?mm* 

&mfflt&k Lxm^h z t tfx-% izt . 
[0052] ztimLx. xmxiafcthmzm 

fcSfcVMo. 16~2 0<9£&(i, Crtf^aaaKi:*)* 
3Ni, Co*<7)3iIE"fti:C, N, Mo, Nb. Zr, 

20 MR 2 5 0 'C<50ia^H60^»-»f 4 ? iV* WtfeRC 

i^ai^w±^eig^4tt:w€^v^t,9 5 

Sit t . 

[0053] mm&ffltl t , No. 16 *>££li* 
WHTJB&r*(2) *. No. 17fcJ:tf2 0c9-£&li# 
5W«BeT*0 *£»fc"*<><0tf>, (1) sWfcli 
(6) rttPfcSI*. Cr$fsMc:fci&5Ni, Co«cO 

*»r>fc. No. 18*>&ati*#jrttB£**<D 
iW4fflfc-tt«0(2) No. 1 9cO^{i 

*JKB-«»&t6(5) 5«J18»fcf fc»<0(6> aSfciftfcS 
•f , C rmWzt N i . C o*Ol»*OF+» s Sr 

[0054] 

[*1] 
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(7) &H82 0 0 2-1 0 5 599 

11 12 

8 1 





it ¥ t§ £ 


3 a 




c 


Si 


Hn 


p 


s 


Ni 


Or 


Co 


N 


Fe 






St 1 


xt2 


1 


0. 020 


0. 22 


0. 57 


0.012 


0. 002 


36. 00 


2. 50 


0.96 


0. 011 


59.65 




0. 055 


-4.24 


6.98 


O I 


2 


0. 022 


0. 32 


0. 59 


0. 010 


0.002 


34. 94 


3.56 


1.01 


0. 011 


59.48 




0. 055 


-6.61 


7. 18 


o i 


3 


0. 022 


0. 20 


0. 45 


0.010 


0. 002 


35.58 


5. 52 


4.14 


0. 011 


54.01 


- 


0.055 


-5.41 


8.84 


O ! 


4 


0. 022 


0. 17 


0. 55 


0. 011 


0. 002 


35. 31 


9. 25 




ami 

o. on 


AC A9 

45. 03 




O. 054 


C Q1 

~0. 0/ 


t 1 7A 
1 1. #0 


O 




0. 020 


0. 26 


0. 60 


0. 009 


0. 002 


34. 72 


13. 64 


18. 90 


0. 011 


it to 
31. to 




0. 058 


-/. /o 


11 01 

11. 01 


o 


Q 


0. 021 


0. 14 


0. 56 


0. 011 


0. 002 


33.96 


1C AC 

16. 95 


QC JO 

25. 48 


A A1 1 

o. on 


44 04 

22. 83 




n. aoc 
0. 035 


7 on 
-7. 00 


1 1 CO 

ll. 02 


o 


7 


0. 120 


0. 27 


0. 48 


0. 009 


0. 002 


34. 69 


5. 54 


2. 94 


0. 001 ■ 


CC Oil 

55. 94 




f\ AMD 

0. OOo 


C CO 

-D. 62 


^ CO 

/. 00 


o 


3 


0. 178 


0. 30 


0. 45 


0.010 


0. 002 


37. 31 


7. 65 


0. 99 


0. 001 


53. 10 




r\ Ana 
0. 009 


-0. 05 


10 O A 

12. 24 


o 


9 


o mo 

V, U 1 9 


v. OU 


w, 50 


n nm 

U. v IU 


n on? 


00. v/ 




4 QQ 


0. 001 


49. 35 


VoM. 50 


0. 378 


-7.99 


9. 98 


o 


10 


0. 019 


0. 27 


0.42 


0.010 


0.002 


35.15 


7.12 


1.97 


0.037 


55.00 




0.002 


-7. 76 


10. 55 


o 


11 


0. 020 


0. 30 


0.46 


0.011 


0.002 


38. 78 


6.37 


5.08 


0.001 


47. 51 


Nb:l.46 


0.006 


-8. 29 


12. 52 


o 


12 


0. 020 


0. 14 


0.51 


0.009 


0. 002 


39. 25 


8.01 


9.80 


0. 001 


40.58 


Zr:l.59 


0.088 


-7.21 


12. 81 


o 


13 


0. 020 


0. 29 


0. 47 


0. 012 


0. 002 


36. 94 


7.55 


6.98 


0. 001 


46.90 


Ti:0. 83 


0.005 


-7.82 


11.23 


o 


14 


0. 02 1 


0.18 


0. 46 


0.008 


0. 002 


33. 89 


2.50 




0.001 


62. 93 




0.008 


-6. 09 


5.45 


o 


15 


0. 020 


0.19 


0.45 


0.010 


0. 002 


36. 25 


1.99 




0. 001 


59,37 


Uo:1.18 
Ti:0. 53 


0.007 


-9.15 


6. 75 


o 


16 


0. 020 


0. 29 


0.59 


0.010 


0.002 


32. 22 


6.33 




0.001 


60.53 




0.007 


*-12. 31 


8. 67 


X 


17 


0. 019 


0. 34 


0.51 


0.010 


0.002 


42.14 


7.25 


20. 24 


0. 001 


29.29 




0.198 


* 6.27 


10. 65 


X 


18 


0.019 


0. 28 


0. 54 


0.009 


0.002 


37.31 


6.45 




0. 001 


65.35 




0.039 


-7.31 


♦14. 24 


X 


19 


0.019 


0. 23 


0. 43 


0.015 


0.002 


36. 88 


7.80 


1.00 


0. 001 


53.62 




0.003 


I -7. 94 


♦15. 06 


X 


20 


0. 021 


0. 23 


0. 55 


0.009 


0.002 


29. 85 


2.82 


0. 51 


0. 011 


65. 95 




0. 047 


♦-10. 43 


1.29 


X 



S1) K1 : (Cr + BFe+10Mi+9Co-870) / I2+3.3C+7. 2H+0.08 (Ho+Nb+Zr> +0.1STi) . 
SC2 : <2.7Cr+2.2NI-Co-70) / I2+3.3C+7.2N+0.M (Bo+Nb+Zr) +0.1STil . 



[Hi 3 mmm^a^xmuzmm^jm. 
vcmmx-bz. 

#xnmmx'&2>. * 
[0i] 



c 2 °a 1 




30 / JlL x ^ 

Jtfift : mm 



1 rswifr. 

2 a : RJP9L 
3 : , 

4 -.mn 

5 : XfyUXif. 



[02] 

150 



ifi. 




*{£ : mm 
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(8) 813)2002-1 05599 

^dE«*IR«4«3fel£lfciR4TB 5#33^ *KgW*H£rfi#*E:|ti£4T@ 5#33^ 
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